Information about the relationship between pharmacological parameters and an early virological response to tipranavir (TPV) is scarce. Human immunodeficiency virus (HIV)-infected patients who had received TPV as part of a salvage regimen were analyzed retrospectively. A virological response was defined as a decline in the HIV RNA level of >1 log unit or to <50 copies/ml between weeks 4 and 12 of therapy. The virtual inhibitory quotient (vIQ) was calculated as the ratio of the TPV plasma trough concentration (C trough )/virtual change in the 50% inhibitory concentration. Three genotypic inhibitory quotients (gIQs) were calculated by using different TPV resistance mutation scores ( Tipranavir (TPV) is a nonpeptidic human immunodeficiency virus (HIV) protease inhibitor (PI) that has been demonstrated to have activity against multidrug-resistant HIV type 1 (HIV-1) isolates (2, 4, 7, 12) . On the basis of its differential biochemical structure, the resistance profile of TPV seems to differ from the resistance profiles of the rest of the PIs. Twentyone mutations located at 17 codons have been reported to be associated with a loss of susceptibility to TPV (13). Moreover, two scores have recently weighted the virological impact of distinct TPV resistance-associated mutations (19, 24). These scores incorporate mutations associated with resistance to TPV as well as those associated with hypersusceptibility to TPV, allowing the more accurate interpretation of the genotypic changes that influence the antiviral activity of TPV.
Tipranavir (TPV) is a nonpeptidic human immunodeficiency virus (HIV) protease inhibitor (PI) that has been demonstrated to have activity against multidrug-resistant HIV type 1 (HIV-1) isolates (2, 4, 7, 12) . On the basis of its differential biochemical structure, the resistance profile of TPV seems to differ from the resistance profiles of the rest of the PIs. Twentyone mutations located at 17 codons have been reported to be associated with a loss of susceptibility to TPV (13) . Moreover, two scores have recently weighted the virological impact of distinct TPV resistance-associated mutations (19, 24) . These scores incorporate mutations associated with resistance to TPV as well as those associated with hypersusceptibility to TPV, allowing the more accurate interpretation of the genotypic changes that influence the antiviral activity of TPV.
Resistance to ritonavir-boosted PIs generally develops gradually and requires the accumulation of several mutations within the HIV protease gene. Partial PI activity can still be recognized when enough drug exposure exists and when viruses harboring only a few protease-associated resistance mutations are present. In this regard, previous studies have shown a good correlation between the TPV plasma trough concentration (C trough ) and the viral response in the subset of patients infected with viruses carrying an intermediate number of TPV resistance-associated mutations (20, 23) . When no mutations are present or when there are too many, the extent of TPV exposure is less relevant. Altogether, these data suggest that the integration of information on the values of the pharmacokinetic parameters and drug resistance changes could improve the management of most antiretroviral-experienced HIV-infected patients treated with TPV (1, 22, 26) .
The inhibitory quotient (IQ) is a pharmacological parameter that combines a measure of exposure and susceptibility to a particular drug. The IQ (or phenotypic IQ) is calculated as the C trough divided by the serum-adjusted 50% inhibitory concentration (IC 50 ). Alternative quotients have been developed and include the virtual IQ (vIQ), the normalized IQ (nIQ), and the genotypic IQ (gIQ). The vIQ is the ratio between the C trough and the virtual phenotype (the expected change in viral susceptibility associated with a particular genotypic mutation profile) multiplied by the serum-adjusted IC 50 for wild-type virus. The nIQ is the ratio between a patient IQ and a population reference IQ (the quotient between the average drug C trough and a threshold defining resistance for the virtual phenotype in a population). Finally, the gIQ is defined as C trough divided by the number of mutations associated with resistance (or weighted score) to the drug.
The gIQ may show several advantages over the other IQs, as it overcomes the difficulties derived from the need to obtain phenotypic results. Moreover, the gIQ has already shown a good ability to predict the virological response to several PIs, including lopinavir, amprenavir, atazanavir, and TPV (3, 8, 10, 11, (15) (16) (17) (18) 23) . TPV has a phenotypic IQ of 76 and a gIQ of 4.7 g/ml/mutation, which have been defined to predict a virological response (15) . However, no data are so far available about the impact of vIQ on the virological response to TPV and which single mutations or weighted genotypic scores better predict the response to TPV by the use of gIQs. The lack of appreciation of the different impacts of distinct resistanceassociated changes may explain the relatively poor accuracy of algorithms for determination of genotypic resistance and the discrepancies between these different algorithms in predicting the response to TPV. Here we report the results of a retrospective study in which the predictive value of the virological response to TPV was assessed by using the vIQ and three different gIQs, two of which incorporated weighted scores.
MATERIALS AND METHODS

Study design and patient population.
A retrospective analysis of all HIVinfected individuals who had initiated therapy with TPV at 500 mg twice a day plus ritonavir at 200 mg twice a day at a referral HIV clinic in Madrid, Spain, between December 2005 and May 2008 was performed. All individuals were antiretroviral experienced and had failed other PI treatment regimens. The main demographics and relevant clinical features at the baseline were recorded in a case report form specially designed for this study. The plasma viral load and CD4 counts were available at the baseline and at each visit during follow-up. An early virological response was defined when the plasma HIV RNA load declined by Ն1 log unit or to Ͻ50 copies/ml at the time of the first visit between weeks 4 and 12 of TPV therapy.
TPV plasma exposure. TPV plasma C trough s were measured at the time of the first visit between weeks 4 and 12 by a modified validated high-performance liquid chromatography method, which has already been described elsewhere (9) ; TPV C trough s Ն20.5 g/ml were considered therapeutic (15) .
Genotypic resistance testing. At the baseline, plasma HIV RNA was evaluated for protease resistance-associated mutations by using a ViroSeq HIV-1 genotyping system (version 2.7; Abbott, Chicago, IL). Three different interpretation systems were then tested. When the mutation list of the International AIDS Society-USA (IAS-USA) panel was considered, viruses were considered TPV susceptible when four mutations or less were present, TPV intermediate resistance was defined for viruses harboring between five and seven mutations, and full TPV resistance was considered for viruses with eight or more mutations (13) . The second genotypic interpretation system was derived from the Randomized Evaluation of Strategic Intervention in Multidrug-Resistant Patients with Tipranavir (RESIST) trial and incorporated a weighted score for distinct mutations (24) . Viruses were considered susceptible, intermediate, or fully resistant when the total scores were Յ3, between 4 and 10, and Ն11, respectively. Finally, the genotypic interpretation system recently developed by the French Agence Nationale de Recherches sur le Sida et les Hépatites Virales (ANRS) was tested.
In this algorithm, changes associated with protease resistance are weighted according to their impact on the virological response to TPV obtained with a distinct clinical data set (19) .
Virtual phenotype. The virtual change in the IC 50 for wild-type virus was obtained from Virco (Mechelen, Belgium). Briefly, all specimens with genotypic sequences and paired phenotypic susceptibility results for TPV were used to infer an estimate of the phenotypic susceptibility to TPV for a virus with a given protease genotypic pattern.
Genotypic sensitivity score. The genotypic sensitivity score was calculated as the total number of drugs in the optimized background regimen to which a viral isolate was presumed to show genotypic susceptibility according to the Stanford criteria (16) . In this system, antiretroviral drugs are considered to display full, intermediate, or null antiviral activity, which are scored as 1, 0.5, and 0, respectively.
IQs. A total of four distinct IQs for TPV, the vIQ and three gIQs, were calculated on the basis of the different TPV resistance-associated mutation scores. Table 1 provides the definitions and the means of calculation of the IQs. Given that some patients had no TPV resistance-associated mutations at the baseline or changes that produce hypersusceptibility, a correction in the final mutation score was performed to avoid negative denominators or values equal to zero. By use of the scores of the IAS-USA panel, a total of 6 patients (11%) had no TPV resistance-associated mutations. A total of 17 (30%) and 32 (56%) patients had negative scores or scores equal to zero when the RESIST and the ANRS weighted scores, respectively, were considered. The correction consisted of the addition of the following values to the denominator: 1 for the IAS-USA gIQ, 15 for the RESIST gIQ, and 2 for the ANRS gIQ.
Statistical analyses. Qualitative variables were expressed as frequencies, and quantitative parameters were expressed as medians and interquartile ranges (IQR). The Mann-Whitney U test and Fisher's exact test were used to compare quantitative and categorical variables, respectively, in the virological responders and nonresponders. Receiver operating characteristic curve analyses were used to explore the best thresholds for predicting an early virological response to TPV. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), likelihood ratio (LHR) for a positive test result (LHR ϩ ), and likelihood ratio for a negative test result (LHR Ϫ ) were used to compare the accuracies of the different parameters for prediction of the virological response to TPV. Conceptually, LHR is the ratio of two probabilities, namely, the probability that a specific test result will be obtained for patients with a virological response divided by the probability that the same test result will be obtained for patients without a virological response. Therefore, LHR ϩ is defined as the probability that a positive test result will be obtained for patients with a virological response divided by the probability that a positive test result will be obtained for patients without a virological response and is calculated as the ratio sensitivity/(1 Ϫ specificity). Accordingly, LHR Ϫ is defined as the probability that a negative test result will be obtained for patients with a virological response divided by the probability that a negative test result will be obtained for patients without a virological response and is calculated as the ratio (1 Ϫ sensitivity)/specificity. The best predictors were those with the highest LHR ϩ and the lowest LHR Ϫ . Variables showing P values of Ͻ0.05 were considered significant. All statistical analyses were performed with the SPSS package (version 13.0; SPSS Inc., Chicago, IL).
RESULTS
Study population.
A total of 57 patients who initiated salvage therapy with a TPV-containing regimen were analyzed. Table 2 summarizes the main baseline characteristics of the /TPV associated  resistance mutations   10V, 13V, 20MR, 33F, 35G, 36I, 43T, 46L, 47V, 54A/M/V, 58E,  69K, 74P, 82L/T, 83D, 84V, 90M IAS-USA panel (13) RESIST gIQ C trough /TPV weighted resistance mutations ϩ1 for 10V and 46L, ϩ2 for 36I, 43T and 84V, ϩ3 for 54A/M/V, ϩ4 for 83D, ϩ5 for 58E and 82L/T, ϩ6 for 47V and 74P, Ϫ2 for 24I and 76V, Ϫ4 for 50L/V, and Ϫ7 for 54L study population. The optimized antiretroviral background regimen included more than two drugs in 12% of the patients, between two drugs and one drug in 63% of the patients, and less than one drug in 25% of patients. By using the IAS-USA resistance interpretation system, full TPV resistance was predicted for 7% of the patients, intermediate TPV resistance was predicted for 16%, and TPV susceptibility was considered for 77%. By using the TPV weighted resistance mutation score from Scherer et al. (24) , 5% of the patients were considered to be fully resistant to TPV, 32% were considered to be intermediate resistant, and 63% were considered to be susceptible. Finally, by using the TPV weighted resistance mutation score of Marcelin et al. (19) , the percentages of patients with 3, 2, 1, 0, and Ϫ1 weighted mutations were 2%, 12%, 30%, 47%, and 9%, respectively. Early virological response. Following the initiation of TPVbased salvage regimens, the median decline in the plasma HIV RNA load was 1.8 log copies/ml (IQR, 0.84 to 2.4 log copies/ ml) between weeks 4 and 12. Overall, a virological response was achieved by 44 (77%) patients, and the viral load was undetectable (Ͻ50 HIV RNA copies/ml) in 25 (44%) patients.
The differences between the responders and the nonresponders are depicted in Table 3 . The values of TPV C trough and the scores of the IAS-USA and RESIST genotypic resistance algorithms, vIQ, and all three gIQs (the IAS-USA, RESIST, and ANRS gIQs) were significantly higher for responders than for nonresponders. In contrast, the ANRS genotypic resistance algorithm score and the genotypic sensitivity score did not significantly distinguish the responders from the nonresponders. It is interesting that when the values from the distinct TPV genotypic resistance algorithms were grouped into three categories (susceptible, intermediate, and fully resistant), significant differences between the responders and the nonresponders were seen only for the IAS-USA and RESIST algorithms and not for the ANRS system. By use of the IAS-USA algorithm, the proportions of virological responders were 82%, 78%, and 25% for patients with scores of less than or equal to four, five to seven, and greater than or equal to eight mutations, respectively (P ϭ 0.035). By using the RESIST algorithm, these figures were 75%, 94%, and 0% for scores of Յ3, 4 to 10, and Ն11, respectively (P ϭ 0.002).
Predictors of virological response. Analysis by use of the receiver operating characteristic curves defined the thresholds for the TPV IQs. A vIQ threshold of 6 g/ml/unit fold change (area under the concentration-time curve [AUC] ϭ 0.85, P ϭ 0.002) showed 94% sensitivity and 88% specificity for detection of a virological response to TPV. A threshold of 4.6 g/ml/ mutation in the IAS-USA gIQ (AUC ϭ 0.81, P ϭ 0.001) had a 75% sensitivity and a 77% specificity. By using the RESIST gIQ, a threshold of 1.1 g/ml/weighted mutation (AUC ϭ 0.79, P ϭ 0.002) had a 79% sensitivity and a 77% specificity. Finally, a threshold of 8.3 g/ml/weighted mutation by use of the ANRS gIQ (AUC ϭ 0.74, P ϭ 0.01) had a 71% sensitivity and a 77% specificity ( Table 4) .
The accuracies of the distinct pharmacological and virological parameters for predicting an early virological response were compared. vIQ was the one with the best PPV, NPV, LHR ϩ , and LHR Ϫ . Table 4 displays the PPV, NPV, LHR ϩ , and LHR Ϫ for the different pharmacological and genotypic parameters.
DISCUSSION
Early changes in viral load (between weeks 4 and 12) are the most sensitive for recognition of the activities of any antiretroviral agent used for rescue therapeutic interventions. Since In this study, the baseline TPV resistance-associated mutations, TPV C trough , and IQs were all found to be significantly associated with a virological response to TPV when it is used in salvage regimens. However, the ability of these parameters to predict a virological response differed substantially, as reflected by their accuracies when they were expressed as the PPV, NPV, LHR ϩ , and LHR Ϫ . It should be noted, however, that an important limitation of using predictive values to compare the accuracies of different tests is that the rate of the outcome tested is a major determinant of the results (25) . In our study, the virological response rate was high (77%), and accordingly, the PPV might overestimate the accuracies of the parameters tested, and, conversely, the NPV might underestimate the accuracies of the parameters tested. In order to overcome this problem, LHRs were estimated since they measure test accuracy independently of the rate of the outcome (5, 6, 14) . In this way, we found that the best parameter predicting a virological response to TPV was the vIQ; it had the highest LHR ϩ (LHR ϩ ϭ 7.8) and the lowest LHR Ϫ (LHR Ϫ ϭ 0.07). That means that a vIQ of Ն6 g/ml/unit fold change should be seen approximately eight times more often in patients experiencing a virological response than in nonresponders; conversely, a vIQ of Ͻ6 g/ml/unit fold change should be recognized approximately 0.07 times more often in patients experiencing a virological response than in nonresponders.
It is noteworthy that in our study the performance of the distinct gIQs did not prove to be much more superior to the performance of some genotypic resistance mutation algorithms, which suggests that differences in the levels of TPV exposure have a limited impact on the virological response, at least for the population of treatment-experienced patients evaluated in the present study. While gIQs had better LHR ϩ values than resistance mutation scores, the latter had better LHR Ϫ values than the former. From a clinical standpoint, this observation highlights the importance of particularly close on October 14, 2017 by guest http://aac.asm.org/ monitoring of the subset of patients with a larger number of TPV resistance mutations, in whom the chances of treatment failure are higher and in whom the treatment failure will only rarely be overcome by an increased TPV C trough . In this regard, the better specificities of the gIQs over resistance mutation algorithms would support the use of the gIQs in patients with an intermediate number of TPV resistance mutations (20) . No major advantage of weighting over listing of the TPV resistance-associated mutations was seen in our study. There were no significant differences between the IAS-USA interpretation algorithm (13) and the most sophisticated weighted score system derived from the RESIST trial (24) for prediction of an early virological response to TPV. Since the weighted score developed by Scherer et al. (24) was based on the results of the RESIST trials (2, 7, 12) , which required that the patients recruited had to be infected with viruses with a minimum number of specific primary PI resistance-associated mutations and which excluded other PI-experienced populations. This bias most likely had a negative impact on the performance of the weighting score for a broader PI-experienced population, such as the one tested in our study. Clearly, more accurate weighted scores for TPV derived from different clinical data sets must be established. The weighted algorithm proposed by Marcelin et al. (19) underperformed compared to the performance characteristics of the other resistance interpretation systems in our series, and its use cannot be recommended.
The median TPV C trough was considerably lower in nonresponders than in patients with a virological response. Differences in adherence to treatment could explain the low values found in nonresponders. Although adherence data were not available in this study, the complexity of salvage therapies with TPV-ritonavir due to the high pill burden, together with meal restrictions, could impede good adherence. Therefore, in this study the nonresponders could have had worse adherence than the responders. Other factors could involve drug interactions, since TPV-ritonavir is a substrate of cytochrome P-450 and P-glycoprotein. The drugs taken concomitantly were not recorded in this study, so this issue could not be evaluated. Finally, genetic factors affecting the activities of cytochrome P-450 and/or P-glycoprotein may also contribute to low TPV concentrations.
Several questions regarding the applicability of IQs and specifically the applicability of gIQs must be answered before they are used in the clinic. The first is when is the best time to measure drug levels following the initiation of therapy? Although the earliest changes in viral load may not always determine the long-term virological response, they directly reflect the antiviral activity of a drug, which may be sustained, depending on other factors, such as the genetic barrier to resistance. Accordingly, the sooner that we may predict the virological outcome, the earlier that adjustments in drug dosing may be attempted. Therefore, we propose that drug levels be monitored between weeks 4 and 12 for the calculation of the gIQs. However, the dose-limiting side effects of drugs (and TPV is no exception) may hamper the clinical usefulness of this strategy. Another question regards the consideration of hypersusceptibility in weighting resistance mutation scores. How will gIQ be calculated for patients with no specific resistance mutations for a given drug or changes causing hypersusceptibility? While some studies assigned a gIQ value equal to the C trough to subjects with no resistance mutations (17) , others excluded them from further analyses (3). In our study, we proposed the addition of a specific value to all denominators to avoid negative values or values equal to zero. This strategy allowed the inclusion of all patients and permitted discrimination between patients with just one resistance-associated mutation and those with no resistance-associated mutations, who were a relatively large population in our study.
In summary, both resistance and pharmacokinetic parameters predict the virological response to TPV in antiretroviralexperienced patients, with the vIQ being the most accurate parameter. This information may be helpful in allowing early intervention strategies to maximize success, such as adding a new active drug to the regimen or attempting dose adjustments, in order to either maximize drug exposure in the face of very resistant viruses or, conversely, safely pursue a reduction in plasma TPV levels in order to minimize potential dosedependent side effects, such as liver toxicity (21) .
